NONMEM analysis in determining the tri-exponential disposition of cefotaxime: a method of evaluating serum and urinary phase I data.
The time above the minimum inhibitory concentration (MIC) is an important surrogate parameter for the efficacy of cephalosporines. In clinical practice cefotaxime (CTX) is usually administered every 8 h or 12 h. Unfortunately the limit of quantification (LOQ) of the available assay is not low enough to detect CTX concentrations in serum later than 6 h after a 2 g i.v. dose. Consequently the time above MIC has to be estimated by extrapolation of the available serum data. Due to the concentrating properties of the kidney, concentrations in urine following a 2 g dose however remain above the LOQ for up to 16 h. It is therefore possible to follow the pharmacokinetics of CTX in urine within a 12 h dosing interval. Due to the linear pharmacokinetics of CTX, serum concentrations, and accordingly the time above MIC, can be estimated by using the measured urinary excretion and the calculated renal clearance. The pharmacokinetics of cefotaxime were studied in 12 healthy subjects who received a single 2 g i.v. dose administered as a short infusion. Blood and fractional urine were collected up to 24 h after dosing. For the characterization of the true terminal half-life only sparse and unbalanced serum and urinary data was available. In such situations, the population approach is the method of choice for estimating the kinetic parameters. The combined analysis of serum and urinary data using NONMEM shows the superiority of a tri-exponential compared to a bi-exponential pharmacokinetics model. As a result, the predicted serum trough levels of cefotaxime following twice daily dosing are about 30-fold higher than those extrapolated from the bi-exponential model. Consequently, the concentrations of CTX- and its metabolite desacetyl-CTX--are above the MIC of many therapeutically relevant pathogens for a longer period of time than previously assumed. In conclusion, a twice daily dosing regimen for cefotaxime is adequate for a number of clinically relevant pathogens. This is supported by the positive outcome in previous clinical trials following this dosing regimen.